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(54) Laser oscillating apparatus 

(57) A plasma is excited uniformly as a whole over 
the length of each slot. A laser oscillating apparatus is 
designed to excite a laser gas in a laser tube (2) by in- 
troducing electromagnetic waves into the laser tube 
through a plurality of slots (10) formed in a waveguide 



wall and generate a laser beam by resonating the light 
generated from the laser gas. A least one electrode (1 3) 
is placed near the slot (10). By giving a predetermined 
current density to the electrode (13), the intensity distri- 
bution of light generated from the laser gas above the 
slot (10) is controlled. 



FIG. 2A 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a laser oscil- 
lating apparatus for generating a laser beam by intro- 
ducing an electromagnetic wave from a waveguide into 
a laser tube through a plurality of fine-slots formed in 
the waveguide wall and, for example, to a laser oscillat- 
ing apparatus using a microwave as an electromagnetic 
wave for exciting a laser gas, an exposure apparatus 
using the same, and a device fabrication method using 
the same. 

BACKGROUND OF THE INVENTION 

[0002] Recently, a so-called excimer laser has attract- 
ed attention as the only high-output laser which oscil- 
lates in the ultraviolet region. This excimer laser is ex- 
pected to be applied to the electronic, chemical, and en- 
ergy industries, particularly processing and chemical re- 
actions of metals, resins, glass, ceramics, and semicon- 
ductors. 

[0003] The principle of function of an excimer laser 
oscillator will be described below. First, laser gases such 
as Ar, Kr, Ne, F 2 , He, Xe, Cl 2 , and the like contained in 
a laser tube are excited by electron beam irradiation or 
discharge. Excited F atoms bond to inert Kr and Ar at- 
oms in the ground state to generate KrF* and ArF* as 
molecules existing only in an excited state. These mol- 
ecules are called excimers. Since excimers are unsta- 
ble, they immediately emit ultraviolet rays and fall to the 
ground state. This phenomenon is called spontaneous 
emission. An excimer laser oscillator uses this light to 
amplify as an in-phase beam in an optical resonator con- 
structed of a pair of reflecting mirrors and extract as a 
laser beam. 

[0004] In the case of excimer laser emission, micro- 
waves are used as a laser gas exciting source. Micro- 
waves are electromagnetic waves having an oscillation 
frequency of a few hundred MHz to several tens of GHz. 
In this case, a microwave is introduced from a 
waveguide into a laser tube through a slot formed in the 
waveguide wall, thereby exciting a laser gas in the laser 
tube into a plasma. 

[0005] It is, however, difficult to uniformize the radia- 
tion characteristic of an electromagnetic wave from a 
slot formed in a waveguide wall in an entire region over 
the slot. Usually, the distribution is a sinusoidal distribu- 
tion in the slot long-axis direction or a similar distribution. 
That is, as shown in Fig.,13A, an electric field intensity 
distribution in the center along the long-axis direction of 
each slot is largest, and the field intensity distribution at 
the ends in the long-axis direction of each slot is small- 
est. 

[0006] Additionally, an excited plasma has a property 
of concentrating to the center in the long-axis direction 
of each slot with respect to the microwave field intensity 



distribution. This promotes the nonuniform distribution 
of the field intensity in the slot long-axis direction. This 
is a great cause of preventing a uniform distribution of 
an excited plasma in the long-axis direction of each slot. 

s [0007] This phenomenon is caused by the property 
that a plasma is easily excited in a central position along 
the longitudinal direction of each slot because the inten- 
sity of an electromagnetic wave as an excitation source 
is a maximum in this central position, and by the property 

10 that the excited plasma readily concentrates to have the 
smallest surface area in the form of a sphere. This plas- 
ma excited in the central position forms a region having 
a low spatial impedance in the center of the slot. This 
portion preferentially consumes energy. Also, the plas- 

15 ma functions as a shield to reduce the slot length, and 
a slot designed to have a length corresponding to a mi- 
crowave emission portion actually functions as a slot 
having a length half the designed length. As a conse- 
quence, no microwave is emitted outside the slot. By 

20 these two factors, a plasma is readily formed only in the 
center of a slot, and it is very difficult to excite a uniform 
plasma over the slot, as shown in Fig. 1 3B. 

SUMMARY OF THE INVENTION 

25 

[0008] The present invention has been made to solve 
the above problems, and has as its object to control the 
excited state distribution of a laser gas in the longitudinal 
direction of each slot in a slot array structure so as to 
30 uniformly excite the laser gas over the length of each 
slot with minimum energy loss. 

[0009] According to the present invention, there is 
provided a laser oscillating apparatus for generating a 
laser beam by introducing an electromagnetic wave into 

35 a laser tube filled with a laser gas through a slot formed 
in a waveguide wall characterized by comprising an en- 
ergy supplying portion for supplying energy to the laser 
gas to control an excited state distribution of the laser 
gas independently of introducing the electromagnetic 

40 wave into the laser tube through the slot. 

[0010] In the laser oscillating apparatus according to 
the present invention, the energy supplying portion pref- 
erably supplies energy to the laser gas so as to substan- 
tially uniformly excite the laser gas along the slot. 

45 [0011] In the laser oscillating apparatus according to 
the present invention, the energy supplying portion pref- 
erably includes, near the slot, an electrode for supplying 
energy to the laser gas, 

[0012] In the laser oscillating apparatus according to 
50 the present invention, the energy supplying portion pref- 
erably ionizes the laser gas by supplying energy to the 
laser gas using the electrode. 

[0013] In the laser oscillating apparatus according to 
the present invention, it is preferable that the energy 
55 supplying portion preliminarily ionize the laser gas be- 
fore supplying an electromagnetic wave through the 
waveguide. 

[0014] In the laser oscillating apparatus according to 
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the present invention, the electrode preferably supplies 
energy to the laser gas to make an ionization density 
near an end portion of the slot higher than an ionization 
density near a central portion of the slot. 
[0015] In the laser oscillating apparatus according to 
the present invention, the energy supplying portion pref- 
erably includes, near the slot, at least one pair of elec- 
trodes for supplying energy to the laser gas, and the at 
least one pair of electrodes are arranged to make an 
ionization density near an end portion of the slot higher 
than an ionization density near a centra! portion of the 
slot. 

[0016] In the laser oscillating apparatus according to 
the present invention, it is preferable that the energy 
supplying portion include at least one pair of electrodes 
for supplying energy to the laser gas, and the at least 
one pair of electrodes be shaped to make an ionization 
density near an end portion of the slot higher than an 
ionization density near a central portion of the slot. 
[0017] In the laser oscillating apparatus according to 
the present invention, it is preferable that the energy 
supplying portion include, near the slot, a plurality of 
electrode pairs for supplying energy to the laser gas, 
and a current with a current density higher than a current 
density of a current supplied between the electrode pair 
near a central portion of the slot be supplied between 
the electrode pair near an end portion of the slot. 
[0018] In the laser oscillating apparatus according to 
the present invention, it is preferable that the energy 
supplying portion include, near the slot, a plurality of 
electrode pairs for supplying energy to the laser gas, 
and the plurality of electrode pairs concentrate near an 
end portion of the slot. 

[0019] In the laser oscillating apparatus according to 
the present invention, it is preferable that the energy 
supplying portion include, along the slot, one pair of 
electrodes for supplying energy to the laser gas, and 
each of the pair of electrode be wider near an end por- 
tion of the slot than near a central portion of the slot. 
[0020] In the laser oscillating apparatus according to 
the present invention, it is preferable that the energy 
supplying portion include, near the slot, a plurality of 
electrode pairs for supplying energy to the laser gas, 
and the electrode pair near an end portion of the slot be 
located nearer to the slot than the electrode pair near a 
central portion of the slot. 

[0021] In the laser oscillating apparatus according to 
the present invention, the energy supplying portion pref- 
erably supplies energy to the laser gas to make an ion- 
ization density near an end portion of the slot higher than 
an ionization density near a central portion of the slot. 
[0022] In the laser oscillating apparatus according to 
the present invention, the energy supplying portion pref- 
erably includes a light source for irradiating a portion 
near the slot with light. 

[0023] In the laser oscillating apparatus according to 
the present invention, it is preferable that the waveguide 
be placed between the light source and the laser tube, 



and one surface of the waveguide have a window trans- 
mitting light from the light source. 
[0024] In the laser oscillating apparatus according to 
the present invention, the surface of the waveguide in 

5 which the window is preferably formed opposes a sur- 
face of the waveguide in which the slot is formed. 
[0025] In the laser oscillating apparatus according to 
the present invention, the window preferably has a size 
that disables the electromagnetic wave from passing 

io through. 

[0026] In the laser oscillating apparatus according to 
the present invention, the energy supplying portion pref- 
erably further includes a reflecting mirror for reflecting 
light from the light source toward a portion near the slot. 
*5 [0027] In the laser oscillating apparatus according to 
the present invention, the light source preferably gener- 
ate ultraviolet light. 

[0028] In the laser oscillating apparatus according to 
the present invention, the plurality of slots are preferably 

20 formed in the waveguide. 

[0029] In the laser oscillating apparatus according to 
the present invention, the plurality of slots are preferably 
formed along a longitudinal direction of the waveguide. 
[0030] In the laser oscillating apparatus according to 

25 the present invention, the energy supplying portion is 
preferably provided for each slot. 
[0031] According to the present invention, there is 
provided an exposure apparatus including a laser oscil- 
lating unit, an illumination optical system for generating 

30 illuminating light for illuminating a mask by using a laser 
light supplied from the laser oscillating unit, and a pro- 
jection optical system for projecting a pattern of the 
mask illuminated with the illuminating light generated by 
the optical system onto a substrate, characterized in that 

35 the laser oscillating unit generates the laser beam by 
introducing an electromagnetic wave into a laser tube 
filled with a laser gas through a slot formed in a 
waveguide wall, and the unit comprises an energy sup- 
plying portion for supplying energy to the laser gas to 

40 control an excited state distribution of the laser gas in- 
dependently of introducing the electromagnetic wave in- 
to the laser tube through the slot. 
[0032] According to the present invention, there is 
provided a device manufacturing method characterized 

45 by comprising the steps of coating a substrate with a 
photosensitive material, exposing a pattern on the sub- 
strate coated with the photosensitive material by using 
the exposure apparatus defined in claim 23, and devel- 
oping the pattern on the exposed substrate. 

so [0033] Further objects, features and advantages of 
the present invention will become apparent from the fol- 
lowing detailed description of embodiments of the 
present invention with reference to the accompanying 
drawings. 

55 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0034] 

Fig. 1 is a sectional view showing the main parts of 5 
an excimer laser oscillating apparatus according to 
the first embodiment of the present invention; 
Figs. 2A and 2B are schematic views showing the 
detailed arrangement of a waveguide of the excimer 
laser oscillating apparatus according to the first em- 
bodiment of the present invention; 
Figs. 3Ato 3C are plan views showing practical ex- 
amples of electrodes formed near a slot in the 
waveguide according to the first embodiment of the 
present invention; 

Figs. 4A to 4C are plan views showing practical ex- 
amples of electrodes formed near a slot in the 
waveguide according to the first embodiment of the 
present invention; 

Figs. 5A to 5C are schematic views showing how 
excitation of a plasma is uniform ized by preioniza- 
tion compensation in the first embodiment of the 
present invention; 

Fig. 6 is a schematic view showing how preioniza- 
tion compensation is performed by using reflecting 
mirrors in the first embodiment of the present inven- 
tion; 

Figs. 7 A and 7B are sectional views each showing 
an ultraviolet irradiation mechanism in the second 
embodiment of the present invention; 
Figs. 8A to 8C are schematic views showing the po- 
sitions of ultraviolet irradiation and the positions of 
transmission windows for ultraviolet irradiation; 
Figs. 9A to 9C are schematic views showing how 
excitation of a plasma is uniformized by ultraviolet 
irradiation in the second embodiment of the present 
invention; 

Fig. 10 is a schematic view showing a stepper ac- 
cording to the third embodiment of the present in- 
vention; 

Fig. 11 is a flow chart showing the steps in manu- 
facturing a semiconductor device using the stepper 
according to the third embodiment of the present 
invention; 

Fig. 12 is a flow chart showing the details of a wafer 
process in Fig. 11; and 

Figs. 1 3A and 1 3B are schematic views showing an 
electric field intensity distribution and plasma den- 
sity near a slot in a conventional excimer laser os- 
cillating apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0035] Preferred embodiments of the present inven- 
tion will now be described in detail in accordance with 
the accompanying drawings. 



(First Embodiment) 

[0036] The first embodiment will be described below. 
In this embodiment, an excimer laser oscillator which 
emits a so-called excimer laser beam will be explained. 
Fig. 1 is a schematic view showing the main parts of the 
excimer laser oscillator of this embodiment. 
[0037] As shown in Fig. 1 , this excimer laser oscillator 
includes a laser tube 2, waveguide 1 , and cooling vessel 
7. The laser tube 2 emits a laser beam by resonating 
light generated by the excitation of an excimer laser gas. 
The waveguide 1 excites the excimer laser gas in the 
laser tube 2 to generate a plasma. The cooling vessel 
7 has cooling water inlet/output ports 9 for cooling the 
waveguide 1. 

[0038] The excimer laser gas as a material for gener- 
ating an excimer laser beam is at least one inert gas 
selected from Kr, Ar, Ne, and He or a gas mixture of at 
least one inert gas described above and F 2 gas. These 
gases can be appropriately selected and used in ac- 
cordance with the wavelength of interest. For example, 
KrF is used when a laser beam with a wavelength of 248 
nm is to be generated; ArF is used when a laser beam 
with a wavelength of 1 93 nm is to be generated; F 2 is 
used when a laser beam with a wavelength of 157 nm 
is to be generated; Kr 2 is used when a laser beam with 
a wavelength of 147 nm is to be generated; ArKr is used 
when a laser beam with a wavelength of 1 34 nm is to 
be generated; and Ar 2 is used when a laser beam with 
a wavelength of 126 nm is to be generated. 
[0039] The laser tube 2 has laser gas inlet/output 
ports 8 through which the excimer laser gas is intro- 
duced into the tube, and reflecting structures 5 and 6 at 
the two end portions. These reflecting structures 5 and 
6 equalize the phases of light by plasma discharge and 
generate a laser beam. 

[0040] The waveguide 1 is a means for supplying a 
microwave to the laser gas in a gas supply passage 
structure 11. A plurality of long and narrow slots 10 are 
formed in the upper surface of the waveguide 1 . When 
a microwave with a frequency of a few hundred MHz to 
several tens of GHz is introduced from the lower portion 
of the waveguide 1 shown in Fig. 1 , this microwave prop- 
agates in the waveguide 1 and is emitted from the slots 
10 to the outside of the waveguide 1 through the slots 
1 0. The emitted microwave is introduced into the laser 
tube 2 through a window 15 formed in this laser tube 2. 
The microwave thus introduced excites the excimer la- 
ser gas in the laser tube 2, thereby generating an exci- 
mer laser beam by resonance. 

[0041 ] Figs. 2 A and 2B show the practical structure of 
the waveguide 1. Fig. 2A is a schematic perspective 
view of the waveguide 1. Fig. 2B is a plan view of the 
waveguide 1 . 

[0042] As shown in Fig. 2B, the slots 1 0 are arranged 
in a line such that their longitudinal direction is consist- 
ent with the longitudinal direction of the waveguide 1. 
Electrodes 1 3 are so formed as to surround these slots 
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1 0. In this case, either DC voltage or AC voltage (includ- 
ing RF voltage) may be applied to the electrodes 1 3. 
[0043] Figs. 3A to 3C show examples of the arrange- 
ment of electrodes 1 3 formed around an arbitrary slot 
1 0. The electrodes 1 3 are used to ionize a laser gas be- s 
fore microwaves are supplied. Like Fig. 2B, Fig. 3A 
shows an example of the arrangement of six electrodes 
around the slot 10. 

[0044] Fig. 3B shows the densities of currents applied 
to the six electrodes 1 3. Let J c be the current density at io 
the electrode 13 located near the middle of the slot 10 
in the longitudinal direction, and J e be the current den- 
sity at the electrode 13 located at each end portion of 
the slot in the longitudinal direction. The current densi- 
ties are adjusted to meet J c < J e . is 
[0045] If the current density at each end portion of the 
slot 1 0 is set to be higher than that at the central portion 
of the slot 10 in this manner, the densities of electrons 
generated by preionization have a predetermined distri- 
bution. This allows a plasma to be readily excited at 20 
each end portion of the slot. That is, the electron density 
distribution produced by the electrode 13 can compen- 
sate for the formation of an electrically ON state in the 
wtdthwise direction of the slot 10 upon excitation of a 
plasma. In the case shown in Fig. 3B, the current density 25 
at each end of the slot 10 is set to be higher than that 
at the central portion of the slot 1 0. However, the forma- 
tion of an electron density distribution is not limited to 
this. An appropriate electron density distribution can be 
formed by using the electrode 1 3 in accordance with the 30 
operation state. 

[0046] As described above, a plasma is readily excit- 
ed near the center of the slot 10 in the longitudinal di- 
rection. By promoting the excitation of a plasma at each 
end portion of the slot 10, therefore, a uniform plasma 35 
can be formed over the entire region above the slot 10. 
[0047] Figs. 5A to 5C are graphs schematically show- 
ing the effects of uniformizing plasma excitation by 
preionization using the electrode 13. Fig. 5A shows, for 
comparison, the state of plasma excitation in the longi- 40 
tudinal direction of the slot 10 without any electrode 1 3. 
Fig. 5B is a graph schematically showing an electron 
density distribution (preionization compensation) in the* 
longitudinal direction of the slot 1 0 which originates from 
a current density given to each electrode 1 3. 45 
[0048] Fig. 5C shows the density of a plasma excited 
by microwaves emitted from the slot 1 0 in a case where- 
in preionization compensation in Fig. 5B is performed 
by the electrode 1 3. By applying the electric field shown 
in Fig. 5B in this manner, a plasma at each end portion so 
of the slot 1 0 in the longitudinal direction can be promot- 
ed, and hence the state of plasma excitation over the 
entire region of the slot 1 0 can be uniformized, as shown 
in Fig. 5C. 

[0049] Figs. 3C and 4A to 4C show other arrange- ss 
ments of the electrodes 13. Fig. 3C shows a case where- 
in the number of electrodes 13 at each end portion of 
the slot 10 is increased to further facilitate excitation of 



the laser gas at each end portion of the slot 10. This 
arrangement allows more effective plasma excitation at 
each end portion of the slot 10. 

[0050] Fig. 4A shows a case wherein the electrodes 
13 are formed at only the end portions of the slot 10 
while no electrodes 13 are formed at the central portion 
of the slot 10 at which the laser gas is readily excited. 
The formation of the electrodes 13 only at the end por- 
tions of the slot 10, at which the laser gas is not readily 
excited, ensures a plasma density equal to that at the 
central portion of the slot 10, thereby uniformizing the 
plasma density in the entire region above the slot 10. 
[0051] Fig. 4B shows a case wherein the electrodes 
1 3 are integrally formed along the longitudinal direction 
of the slot 10. In this case, the electron density distribu- 
tion at each end portion of the slot 10 can be increased 
by reducing the area of the central portion of each elec- 
trode 13 in the longitudinal direction of the slot 10. 
[0052] Fig. 4C shows a case wherein the electrodes 
13 are located near the slot 10 at each end portion of 
the slot 10 at which the laser gas is not readily excited. 
By increasing the electron density at each end portion 
of the slot 10, excitation of the laser gas at each end 
portion of the slot 1 0 can be promoted. This makes it 
possible to uniformize laser gas excitation (plasma den- 
sity) on the slot 10. 

[0053] Fig. 6 shows an arrangement in which the elec- 
trodes 13 are spaced apart from the slot 10. When the 
electrodes 1 3 are to be spaced apart from the slot 1 0 in 
this manner, efficient preionization can be realized by 
increasing the current density on the slot 1 0 side by us- 
ing reflecting mirrors 1 4. In this case, since the laser gas 
flows above the waveguide 1, the reflecting mirrors 14 
are preferably mounted above the flow path of the laser 
gas. 

[0054] As described above, according to the first em- 
bodiment of the present invention, the electrodes 1 3 are 
arranged near each slot 1 0 to increase the electron den- 
sity at each end portion of the slot 10 in the longitudinal 
direction as compared with the electron density at the 
central portion of the slot 1 0 in the longitudinal direction, 
thereby promoting excitation of the laser gas at each 
end portion of the slot 10 in the longitudinal direction, in 
particular. This makes it possible to uniformize a laser 
gas excitation state (plasma density) in the entire region 
of the slot 10. 

(Second Embodiment) 

[0055] The second embodiment of the present inven- 
tion will be described next. Figs. 7A and 7B are sche- 
matic sectional views each showing a waveguide of an 
excimer laser oscillating apparatus according to the sec- 
ond embodiment of the present invention. The 
waveguide in the second embodiment is designed to re- 
place the waveguide in the first embodiment, and the 
overall arrangement of the excimer laser oscillating ap- 
paratus is the same as that of the first embodiment. For 
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this reason, the same reference numerals as in the first 
embodiment denote substantially the same parts in the 
second embodiment, and a detailed description thereof 
will be omitted. 

[0056] A method of performing UV irradiation com- 
pensation by using ultraviolet light source in the second 
embodiment will be described below. 
[0057] Fig. 7A is a sectional view taken along a direc- 
tion perpendicular to the longitudinal direction of a 
waveguide 21. As shown in Fig. 7A, the waveguide 21 
of the excimer laser oscillating apparatus according to 
the second embodiment has a substantially L-shaped 
sectional shape. 

[0058] Slots 1 0 are formed in the lower surface of the 
waveguide 21. A microwave is introduced into the 
waveguide 21 in the direction indicated by an arrow A 
in Fig. 7A and emitted into a laser tube 2 through the 
slot 10, thereby exciting a plasma above the slot 10. 
[0059] In the waveguide 21, a UV transmission win- 
dow 21a is formed at a position opposing the slot 10. A 
UV light source 22 and reflecting mirror 23 are arranged 
outside the UV transmission window 21a. 
[0060] In this embodiment, the substantially L-shaped 
sectional shape of the waveguide 21 makes it possible 
to directly perform UV irradiation from the position op- 
posing the slot 10. In addition, the formation of the UV 
transmission window 21a having a predetermined size 
can prevent microwaves from leaking through the UV 
transmission window 21a. 

[0061] Fig. 7B is a sectional view taken along a direc- 
tion perpendicular to the longitudinal direction of a bend 
waveguide 21'. When the bend waveguide 2V is used, 
a UV transmission window 21 'a is formed in an inclined 
surface 21 'b to allow direct UV irradiation from a position 
opposing the slot 10 as in the case of the waveguide 21 
in Fig. 7A. 

[0062] Fig. 8A is a sectional view taken along the lon- 
gitudinal direction of the waveguide 21 . The UV trans- 
mission windows 21a are formed along the longitudinal 
direction of the waveguide 21 . The UV light sources 22 
and reflecting mirrors 23 are arranged in accordance 
with the positions of the UV transmission windows 21a. 
The UV light sources 22 and reflecting mirrors 23 are so 
located as to concentrate UV irradiation on the end por- 
tions of the slots 10 in the longitudinal direction. 
[0063] By concentrating UV irradiation on the end por- 
tions of each slot 10 in this manner, excitation of the la- 
ser gas at the end portions of the slot 1 0 can be promot- 
ed. This makes it possible to uniformly generate a plas- 
ma on each slot 10. 

[0064] As the reflecting mirror 23, a reflecting mirror 
having a spherical surface or any aspherical surface (e. 
g., an elliptic or hyperbolic shape) can be used. In addi- 
tion, a plurality of lenses may be used in place of the 
reflecting mirror 23, together with a single light source. 
[0065] Figs. 8B and 8C show the arrangement of UV 
transmission windows 21a as a microwave mode which 
is suited for a case wherein E and H planes are used. 



In general, a wall of a rectangular waveguide which is 
parallel to an electric field is referred to as an E plane, 
and a wall of the waveguide which is parallel to a mag- 
netic field is referred to as an H plane. For example, ac- 
s cording to a waveguide designed to propagate only the 
general TE10 mode, an E plane is a long end face of 
the waveguide, and an H plane is a short end face of 
the waveguide. As shown in Fig. 8B, when the E plane 
is used, the UV transmission windows 21a are prefera- 
io bly formed along the longitudinal direction of the slots 
10. This arrangement makes it possible to concentrate 
UV irradiation on the end portions of each slot 1 0. 
[0066] As shown in Fig, 8C, when the H plane is used 
and the slots 1 0 are arranged in two lines, the UV trans- 
it mission windows 21 a are preferably arranged along the 
longitudinal direction of the slots 10 to be located be- 
tween the two lines of slots 1 0. When the H plane is used 
and the slots 10 are arranged in two lines to form two 
emission lines, transmission windows are preferably ar- 
20 ranged for the respective two lines of slots 10 as in the 
case wherein the E plane is used. 
[0067] Figs. 9A to 9C are graphs each schematically 
showing how plasma excitation is uniformized by UV ir- 
radiation. Fig. 9 A shows a laser gas excitation state 
25 (plasma density) without any UV irradiation for compar- 
ison. Fig. 9B is a graph schematically showing the UV 
irradiation intensity of the UV light source 22 near the 
slot 10. 

[0068] Fig. 9C shows the laser gas (plasma density) 
30 excited by a microwave radiated from the slot 1 0 when 
the UV irradiation shown in Fig. 9B is performed. By per- 
forming the UV irradiation shown in Fig. 9B, excitation 
of the laser gas at each end portion of the slot 10 in the 
longitudinal direction, in particular, can be promoted. As 
35 shown in Fig. 9C, a laser gas excitation state (plasma 
density) in the entire region of the slot 10 can be uni- 
formized. 

[0069] As described above, in the second embodi- 
ment of the present invention, since the U V light sources 
40 22 are arranged to concentrate UV irradiation on the end 
portions of the slots 10 in the longitudinal direction, ex- 
citation of the laser gas at the end portions of the slots 
10, at which the laser gas is not readily excited, can be 
promoted by UV irradiation. This makes it possible to 
45 uniformize excitation of the laser gas at the central por- 
tion and end portions of each slot 10 in the longitudinal 
direction, thus uniformly exciting the laser gas in the en- 
tire range on each slot 10. In the present invention, the 
same effect as described above can be obtained by us- 
so jng X-ray or RF (Radio Frequency) preionization instead 
of UV irradiation. 

(Third Embodiment) 

55 [0070] The third embodiment will be described below. 
In the third embodiment, an exposure apparatus (e.g., 
a stepper) having the excimer laser oscillator described 
in any of the second embodiment as a laser source will 
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be explained. Fig. 10 is a schematic view showing the 
main components of this stepper 
[0071] This stepper comprises an illumination optica) 
system 111, projecting optical system 112, wafer chuck 
113, and wafer stage 114. The illumination optical sys- 
tem 111 irradiates a reticle 101 on which a desired pat- 
tern is drawn with illuminating light. The projecting opti- 
cal system 112 projects the illuminating light (the pattern 
of the reticle 101) passing through the reticle 101 onto 
the surface of a wafer 102 in a reduced scale. The wafer 
chuck 1 1 3 mounts and fixes the wafer 1 02. The wafer 
stage 1 1 4 fixes the wafer chuck 1 1 3. Note that not only 
a transmission type reticle (reticle 1 01 ) shown in Fig. 1 0 
but also a reflection type reticle can be used as a reticle. 
[0072] The illumination optical system 1 1 1 includes an 
excimer laser oscillator 121 of the first embodiment, 
beam shape converter 122, optical integrator 123, stop 
member 124, condenser lens 125, blind 127, image 
forming lens 1 28, and reflecting mirror 1 29. The excimer 
laser oscillator 121 is a light source for emitting a high- 
luminance excimer laser beam as illuminating light. The 
beam shape converter 122 converts the illuminating 
light from the light source 121 into a beam having a de- 
sired sectional shape. The optical integrator 123 is 
formed by two-dimensionally arranging a plurality of cy- 
lindrical lenses or microlenses. The stop member 124 
is placed near the position of secondary sources formed 
by the optical integrator 1 23 and can be switched to an 
arbitrary aperture value by a switching mechanism (not 
shown). The condenser lens 1 25 condenses the illumi- 
nating tight passing through the stop member 124. The 
blind 127 is constructed of, e.g., four variable blades and 
placed on the conjugate plane of the reticle 101 to de- 
termine an arbitrary illuminating range on the surface of 
the reticle 101 . The image forming lens 128 projects the 
illuminating light formed into a predetermined shape by 
the blind 127 onto the surface of the reticle 101. The 
reflecting mirror 129 reflects the illuminating light from 
the image forming lens 128 toward the reticle 101 . 
[0073] An operation of projecting the pattern on the 
reticle 1 01 onto the surface of the wafer 1 02 in a reduced 
scale by using the stepper constructed as above will be 
described below. 

[0074] First, the illuminating light emitted from the 
light source 121 is converted into a predetermined 
shape by the beam shape converter 122 and directed 
to the optical integrator 1 23. Consequently, a plurality of 
secondary sources are formed near the exit surface of 
the optical integrator 123. Illuminating light from these 
secondary sources is condensed by the condenser lens 
125 via the stop member 124 and formed into a prede- 
termined shape by the blind 127. After that, the illumi- 
nating light is reflected by the reflecting mirror 229 via 
the image forming lens 128 and enters the reticle 101. 
Subsequently, the illuminating light enters the surface 
of the wafer 102 through the pattern of the reticle 101 
and the projection optical system 122. As a conse- 
quence, the pattern of the reticle 1 01 is projected on the 



wafer 102 in a reduced scale, and the wafer 102 is ex- 
posed. 

[0075] The exposure apparatus of this embodiment 
uses the excimer laser oscillator of the first or second 
s embodiment as a laser source. This apparatus can 
therefore use a high-output and uniform excimer laser 
beam that can be sustained for a relatively long time pe- 
riod. This allows rapid exposure of the wafer 102 with 
an accurate exposure amount. 

io [0076] Next, a semiconductor device fabrication 
method using the projecting exposure apparatus ex- 
plained with reference to Fig. 1 0 will be described below. 
[0077] Fig. 11 shows the flow of fabrication steps of 
semiconductor devices (e.g., semiconductor chips such 

15 as ICs and LSIs, liquid crystal panels, or CCDs). First, 
in step 1 (circuit design), circuits of semiconductor de- 
vices are designed. In step 2 (mask formation), a mask 
having the designed circuit patterns is formed. In step 3 
(wafer fabrication), wafers are fabricated by using ma- 

20 terials such as silicon. Step 4 (wafer process) is called 
a pre-process in which actual circuits are formed on the 
wafers by the photolithography technique by using the 
mask and wafers prepared as above. Step 5 (assembly) 
is called a post-process in which semiconductor chips 

25 are formed from the wafers formed in step 4. This proc- 
ess includes steps such as an assembly step (dicing and 
bonding) and a packaging step (chip encapsulation). In 
step 6 (testing), tests such as an operation test and a 
durability test are conducted on the semiconductor de- 

30 vices fabricated in step 5. The semiconductor devices 
are completed through these steps and shipped (step 

n 

[0078] Fig. 1 2 shows a detailed flow of the wafer proc- 
ess described above. In step 11 (oxidation), the surfaces 

35 of the wafers are oxidized. In step 1 2 (CVD), conductive 
films and insulating films are formed on the wafer sur- 
faces by using vapor phase reaction. In step 13 (PVD), 
conductive films and insulating films are formed on the 
wafers by sputtering or vapor deposition. In step 14 (ion 

40 implantation), ions are implanted into the wafers. Instep 
1 5 (resist processing), the wafers are coated with a pho- 
tosensitive agent. In step 16 (exposure), the projecting 
exposure apparatus explained above is used to expose 
the wafers to the circuit patterns of the mask. In step 1 7 

45 (development), the exposed wafers are developed. In 
step 18 (etching), portions except for the developed re- 
sist image are etched away. In step 19 (resist removal), 
the unnecessary resist after the etching is removed. 
Multiple circuit patterns are formed on the wafers by re- 

50 peating these steps. 

[0079] This fabrication method can easily and reliably 
fabricate, with high yield, highly integrated semiconduc- 
tor devices which are conventionally difficult to fabricate. 
[0080] According to the present invention, a plasma 

55 which is uniform as a whole over the length of each slot 
can be generated. This makes it possible to provide a 
laser oscillating apparatus capable of uniform laser 
emission with minimum energy loss, a high-perform- 
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ance exposure apparatus having the laser oscillating 
apparatus, and a method of fabricating a high-quality 
device by using the exposure apparatus. 
[0081] The present invention is not limited to the 
above embodiments and various changes and modifi- 
cations can be made within the scope of the present in- 
vention. Therefore, to apprise the public of the scope of 
the present invention, the following claims are made. 



Claims 

1 . A laser oscillating apparatus for generating a laser 
beam by introducing an electromagnetic wave into 
a laser tube (2) filled with a laser gas through a slot 
(10) formed in a waveguide wall (1) characterized 
by comprising 

an energy supplying portion (1 3) for supplying 
energy to the laser gas to control an excited state 
distribution (Fig. 5C) of the laser gas independently 
of introducing the electromagnetic wave into said 
laser tube (2) through said slot (10). 

2. The apparatus according to claim 1 , characterized 
in that said energy supplying portion (13) supplies 
energy to the laser gas so as to substantially uni- 
formly excite the laser gas along said slot (10). 

3. The apparatus according to claim 1 or 2, character- 
ized in that said energy supplying portion includes, 
near said slot, an electrode (13) for supplying ener- 
gy to the laser gas. 

4. The apparatus according to claim 3, characterized 
in that said energy supplying portion ionizes the la- 
ser gas by supplying energy to the laser gas using 
said electrode (13). 

5. The apparatus according to any one of claims 1 to 

4, characterized in that said energy supplying por- 
tion preliminarily ionizes the laser gas before sup- 
plying an electromagnetic wave through said 
waveguide (1). 

6. The apparatus according to any one of claims 3 to 

5, characterized in that said electrode (13) supplies 
energy to the laser gas to make an ionization den- 
sity near an end portion of said slot (10) higher than 
an ionization density near a central portion of said 
slot (10) (Fig. 3B). 

7. The apparatus according to claim 1 or 2, character- 
ized in that said energy supplying portion includes, 
near said slot, at least one pair of electrodes (13) 
for supplying energy to the laser gas, and said at 
least one pair of electrodes (13) are arranged to 
make an ionization density near an end portion of 
said slot (10) higher than an ionization density near 



a central portion of said slot (10) (Figs. 3C, 4A, 4B, 
4C). 

8. The apparatus according to claim 1 or 2, character- 
5 ized in that said energy supplying portion includes 

at least one pair of electrodes (13) for supplying en- 
ergy to the laser gas, and said at least one pair of 
electrodes (13) are shaped to make an ionization 
density near an end portion of said slot (10) higher 
io than an ionization density near a central portion of 
said slot (10) (Fig. 4B). 

9. The apparatus according to claim 1 or 2, character- 
ized in that said energy supplying portion includes, 

15 near said slot (1 0), a plurality of electrode pairs (1 3) 
for supplying energy to the laser gas, and a current 
with a current density higher than a current density 
of a current supplied between said electrode pair 
(13) near a central portion of said slot (13) is sup- 
20 plied between said electrode pair (1 3) near an end 
portion of said slot (10) (Fig. 3B). 

10. The apparatus according to claim 1 or 2, character- 
ized in that said energy supplying portion includes, 

25 near said slot (1 0), a plurality of electrode pairs (1 3) 
for supplying energy to the laser gas, and said plu- 
rality of electrode pairs (13) concentrate near an 
end portion of said slot (10) (Fig. 3C). 

30 11 . The apparatus according to claim 1 or 2, character- 
ized in that said energy supplying portion includes, 
along said slot (10), one pair of electrodes (13) for 
supplying energy to the laser gas, and each of said 
pair of electrode is wider near an end portion of said 
35 slot (10) than near a central portion of said slot (1 0) 
(Fig. 4B). 

12. The apparatus according to claim 1 or 2, character- 
ized in that said energy supplying portion includes, 

40 near said slot (1 0), a plurality of electrode pairs (1 3) 
for supplying energy to the laser gas, and said elec- 
trode pair (13) near an end portion of said slot (10) 
is located nearer to said slot (10) than said electrode 
pair (1 3) near a central portion of said slot (10) (Fig. 

45 4C). 

13. The apparatus according to any one of claims 1 to 
6, characterized in that said energy supplying por- 
tion supplies energy to the laser gas to make an ion- 

50 ization density near an end portion of said slot (10) 
higher than an ionization density near a central por- 
tion of said slot (10) . 

14. The apparatus according to claim 1 or 2, character- 
's ized in that said energy supplying portion includes 

a light source (22) for irradiating a portion near said 
slot (10) with light. 
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1 5. The apparatus according to claim 1 4, characterized 
in that said waveguide (21) is placed between said 
light source (22) and said laser tube (2), and one 
surface of said waveguide (21 ) has a window (21 a) 
transmitting light form said light source (22). s 

1 6. The apparatus according to claim 1 5, characterized 
in that the surface of said waveguide (21) in which 
said window (21a) is formed opposes a surface of 
said waveguide (21) in which said slot (10) is 10 
formed. 

1 7. The apparatus according to claim 1 5 or 1 6, charac- 
terized in that said window (21 a) has a size that dis- 
ables the electromagnetic wave from passing is 
through. 

1 8. The apparatus according to any one of claims 1 4 to 

17, characterized in that said energy supplying por- 
tion further includes a reflecting mirror (23) for re- 20 
fleeting fight from said light source (22) toward a 
portion near said slot (10). 

19. The apparatus according to any one of claims 14 to 

1 8, characterized in that said light source (22) gen- 25 
erate ultraviolet light. 

20. The apparatus according to any one of claims 1 to 

19, characterized in that said plurality of slots (10) 
are formed in said waveguide (1 ). 30 

21 . The apparatus according to claim 20, characterized 
in that said plurality of slots (10) are formed along 
a longitudinal direction of said waveguide. 

35 

22. The apparatus according to claim 20 or 21 , charac- 
terized in that said energy supplying portion (13) is 
provided for each slot (10). 



24. A device manufacturing method characterized by 
comprising the steps of: 

coating a substrate with a photosensitive ma- 
terial; 

exposing a pattern on the substrate coated with 
the photosensitive material by using said expo- 
sure apparatus defined in claim 23; 
developing the pattern on the exposed sub- 
strate; and 

fabricating a device from the exposed sub- 
strate. 

25. An exposure apparatus comprising a laser oscillat- 
ing apparatus, an illumination optical system for 
generating illuminating light for illuminating a mask 
by using illuminating light supplied from said laser 
oscillating unit, and a projection optical system for 
projecting a pattern of the mask illuminated with the 
illuminating light generated by said optical system 
onto a substrate, 

characterized in that said laser oscillating ap- 
paratus is said laser oscillating apparatus defined 
in any one of claims 1 to 22. 

26. A device manufacturing method characterized by 
comprising the steps of: 

coating a substrate with a photosensitive ma- 
terial; 

exposing a pattern on the substrate coated with 
the photosensitive material by using said expo- 
sure apparatus defined in claim 25; 
developing the pattern on the exposed sub- 
strate; and 

fabricating a device from the exposed sub- 
strate. 



23. An exposure apparatus including a laser oscillating 40 
unit, an illumination optical system for generating 
illuminating light for illuminating a mask by using a 
laser light supplied from said laser oscillating unit, * 
and a projection optical system for projecting a pat- 
tern of the mask illuminated with the illuminating 45 
light generated by said optical system onto a sub- 
strate, 

characterized in that said laser oscillating unit 
generates the laser beam by introducing an electro- 
magnetic wave into a laser tube (2) filled with a laser so 
gas through a slot (10) formed in a waveguide wall 
(1), and 

said unit comprises an energy supplying por- 
tion (13) for supplying energy to the laser gas to 
control an excited state distribution (Fig. 5C) of the 55 
laser gas independently of introducing the electro- 
magnetic wave into said laser tube (2) through said 
slot (10). 



9 



EP 1 032 098 A2 




10 



EP 1 032 098 A2 




11 



EP 1 032 098 A2 



FIG. 3A 

O O Q— 1 3 ELECTRODE 
I 1 0 SLOT 

O O O 

UNIFORM PRE IONIZATION 



FIG. 3B 

Je Jc Je 

O O O— 13 

Jc<Je I A- — -10 

O O O 

CURRENT DENSITY DISTRIBUTION 



FIG. 3C 

O O O O 0-13 
I A -10 

o o o o o 

NONUNIFORM PITCH 



12 



EP 1 032 098 A2 



FIG. 4A 

O O^- 13 ELECTRODE 
I 1 0 SLOT 

o o 

UNIFORM PREI0NIZATI0N 



FIG. 4B 




NONUNIFORM ELECTRODE 



FIG. 4C 



o ° < 18 

I 7\ -10 

O O 

o 

NON-EQUIDISTANT ELECTRODES 



13 



EP 1 032 098 A2 



FIG. 5A 

SECTIONAL VIEW IN SLOT LONG-AXIS DIRECTION 

PLASMA DENSITY 



MICROWAVE 
INTENSITY ( ALONE ) 




SLOT END 



SLOT END 



SLOT LONG-AXIS 
DIRECTION 



FIG. 5B 

SECTIONAL VIEW IN SLOT LONG-AXIS DIRECTION 



4 ELECTRON DENSITY DISTRIBUTION 
PRODUCED BY PREIONIZATION 




SLOT END 



SLOT END 



SLOT LONG-AXIS 
DIRECTION 



FIG. 5C 



SECTIONAL VIEW IN SLOT LONG-AXIS DIRECTION 

PLASMA DENSITY 



SLOT END 



( PREIONIZATION COMPENSATION ) 




SLOT END 



SLOT LONG-AXIS 
DIRECTION 



14 



EP 1 032 098 A2 



FIG. 6 

BACK MIRROR COMPENSATION 



14 




14 

REFLECTING MIRROR 



15 



EP 1 032 098 A2 

FIG. 7A 



23 REFLECTION MIRROR 




2 

ULTRAVIOLET IRRADIATION MECHANISM 
( SECTION IN SLOT SHORT-AXIS DIRECTION ) 



FIG. 7B 



UV LIGHT 




2 

EXAMPLE OF IRRADIATION SCHEME USING 
BEND WAVEGUIDE ( ELBOW ) 



16 



EP 1 032 098 A2 



FIG. 8A 
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FIG. 9A 
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